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This submission is part of a group report for a civil engineering senior design project with
contributions from fellow team members Robert Forster, John Keyser, David Layhew,
Melanie Smith, and Andrew Tilton. This project was part of the Smart Communities
Initiative (SCI), which is a service-learning program designed to connect faculty and
community partners to enhance students’ academic learning while benefitting the
economy, society, or environment of project locations. This year, SCI partnered with the
Southeast Tennessee Development District (SETDD) to create twenty-two projects for
students at the University of Tennessee, Knoxville. These projects involved students in
the following areas: agricultural, economics, architecture, economics, educational
psychology and counseling, engineering, geography, graphic design, history, and law.
This was the second year that the Smart Communities Initiative had taken place. The first
year UT partnered with the City of Cleveland, Tennessee, and next year, SCI will be
partnering with Lenoir City, Tennessee.
As part of the Smart Communities Initiative, the Civil and Environmental Engineering
senior design team partnered with Athens, Tennessee, to contribute to the design of the
Denso Eco Park. This park is the result of a partnership between Denso Manufacturing
and the City of Athens Parks and Recreation and the McMinn County Economic
Development Authority. The Denso Eco Park is a three phase project, with Phase I, a
pavilion and picnic area, currently under construction. The other phases focus on the use
of renewable energy and creation of a natural swimming pool through the use of
constructed wetlands. The vision for the completed park is to provide a safe, aesthetic
atmosphere for employees and local community members to be immersed in nature and
to learn about the environment.
The senior design team worked with Shawn Lindsey, Public Works Director at the City
of Athens, to determine the needs and goals of the project. Lindsey asked the team to
develop engineered infrastructure to support the plans and ideas for the Eco Park at
Denso, mindful of the residents in the city of Athens. The Denso Eco Park master plan
and preliminary designs provided multiple avenues of engineering work. The team chose
to focus on design components that support the phases already planned while aiding in
the creation of an aesthetically pleasing and environmentally friendly park.
While many engineered components for this project existed, this student-led project
focused on four major efforts: collection and analysis of site-specific geotechnical and
water-related conditions, redesign of an existing channel system, engineered alternative
design solutions for a pedestrian footbridge, and exploration into green parking lot
designs. These infrastructure improvements and analyses focus on three main regions of
the park: an existing culvert, parking area, and retention pond. The culvert currently
moves water from the northwest retention pond to small ponds, which eventually
discharge downstream into a natural wetland. The transformation of the retention pond to
a natural swimming pool calls for an assessment of the current water quality. Site-specific
information was necessary for the proposed infrastructure modifications and for the
environmental assessment and creation of a monitoring plan for the proposed natural
swimming pool. This project proposed the removal of the culvert, installation of a
channel, and construction of a bridge to allow pedestrian crossing of the stream. The
purpose of this is to improve the aesthetics of the pond area and create a more natural
atmosphere. Due to the cost implications from the requirement of a bridge, three bridges
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were designed using various materials to analyze the cost and aesthetic appeal of each
material option. Another focus area of this project was in the western area of the park, for
which a green parking lot design option was explored and analyzed. The overall objective
of this project was to provide feasible engineering designs and analyses that emphasize
aesthetics, environmental impact, and cost.
Several challenges existed in achieving each of the desired goals. The removal of the
culvert would disrupt the path used by both pedestrians and the occasional vehicle. This
prompted the need for a new channel and bridge; and due to safety requirements, the
bridge design needed to have the capacity to transport large maintenance trucks. The
natural feel to the area would be improved as a result of removing the culvert, but another
challenge was how to maintain this atmosphere with the proposed infrastructure. In order
to cost-effectively achieve this goal, three alternatives for the bridge were explored and
designed. The channel aimed to achieve this aesthetic desire by incorporating natural
lining that would prevent erosion and ensure bank stability. The water resources and
structural engineering students worked together to present a visually pleasing centerpiece
for the Eco Park.
Another challenge was obtaining the required information to achieve the project goals.
For all four components of the project, site-specific information was needed. This
prompted land and water surveys, soil and water sampling, and flow measurements. The
surveys aided in the development of the grading plan and in the design of the channel.
The soil sampling allowed testing which yielded valuable information for the channel,
bridge, and parking lot designs. Various tests were performed on the collected water
samples, which produced useful information in the assessment for an environmental plan.
In addition to the soil and water quality testing, a paver test was conducted as part of the
exploration into permeable pavers for the proposed green parking lot.
My role in this project was the role of project manager. This included all administrative
tasks, including: organization and scheduling of all site visits, meetings, workdays,
subteam projects, presentations, work supervision and revision, poster design, video
production, and communications with the client. I strongly contributed in the scope
development of the project, and I worked in writing the general descriptions sections and
editing the entirety of the thesis report attached, with work on ensuring clarity, accuracy,
and consistent revisions within the project construction drawings. My contributions to the
project in addition to writing and editing include the involvement in many design
decisions and assisting with calculations in all four areas of the projects; which
encompass the channel design, cost and aesthetic analysis of the bridge alternatives,
paver testing, bacteria testing and analysis, and AutoCAD guidance and drafting. The
remainder of this report contains the complete project report which covers environmental,
geotechnical, site civil, structural, and water resources engineering portions of the
project. The appendix is available upon request. A set of AutoCAD drawings was
designed to supplement the report, and they are also available upon request.
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PROJECT OVERVIEW
Denso Manufacturing has partnered with the City of Athens Parks and Recreation and the
McMinn County Economic Development Authority to develop a park for employees and
the community to be immersed in nature. The Denso Eco Park is a three phase project,
with Phase I, a pavilion and picnic area, currently under construction. The other phases
focus on the use of renewable energy and creation of a natural swimming pool through
the use of constructed wetlands. The vision for the completed park is to provide a safe,
aesthetic atmosphere for local community members to learn about the environment and
ways to protect it.
The University of Tennessee Smart Communities Initiative (SCI) is the program which
designated civil and environmental engineering students to contribute to the design of the
Denso Eco Park, presenting them with opportunities to learn and to provide design work
for the community. The group of students has been asked to develop engineered
infrastructure to support the plans and ideas for the Eco Park at Denso, mindful of the
residents in the city of Athens. The Denso Eco Park master plan and preliminary designs
provided multiple avenues of engineering work. The team chose to focus on design
components that support the phases already planned while aiding in the creation of an
aesthetically pleasing and environmentally friendly park.
While many engineered components for this project exist, this student-led project will
focus on four major efforts: collection and analysis of site-specific geotechnical and
water-related conditions, redesign of an existing channel system, engineered alternative
design solutions for a pedestrian footbridge, and exploration into green parking lot
designs. These infrastructure improvements and analyses focus on three main regions of
the park: an existing culvert, parking area, and retention pond (as shown labeled in Figure
1). The culvert currently moves water from the northwest retention pond to small ponds,
which eventually discharge downstream into a natural wetland. The transformation of the
retention pond to a natural swimming pool calls for an assessment of the current water
quality. Site-specific information is necessary for the proposed infrastructure
modifications and for the environmental assessment and creation of a monitoring plan for
the proposed natural swimming pool. This project proposes the removal of the culvert,
installation of a channel, and construction of a bridge to allow pedestrian crossing of the
stream. The purpose of this is to improve the aesthetics of the pond area and create a
more natural atmosphere. Due to the cost implications from the requirement of a bridge,
three bridges were designed using various materials to analyze the cost and aesthetic
appeal of each material option. Another focus area of this project is in the western area of
the park, for which a green parking lot design option was explored and analyzed. The
overall objective of this project is to provide feasible engineering designs and analyses
that emphasize aesthetics, environmental impact, and cost.
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Existing Culvert

Retention Pond

Proposed Green
Parking Lot

Figure 1. Diagram of the Eco Park denoting the project focus areas
SITE INVESTIGATION
Preliminary engineering work required the evaluation of the geotechnical, environmental,
and hydraulic properties and conditions of the site. The team collected soil samples at
multiple locations across the site and water samples from the retention pond. The team
also measured velocity to calculate the base flow discharge. Two cross-sectional surveys
of the pond were conducted, in addition to a land survey of the culvert area and parking
lot (shown in Figure 2). The following sections will further elaborate on the geotechnical
analyses performed for the soils on site and environmental, water quality analysis of the
retention pond.

(a)
(b)
Figure 2. Field surveys: (a) land survey of culvert area and parking lot; (b) water survey
of retention pond.
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Geotechnical Analysis
To test soil properties, disturbed and undisturbed soil samples were taken at six different
borehole locations which were determined through the investigation of soils by project
location. Sampling included two boreholes in the existing gravel parking lot (P), two on
either side of the existing gravel roadway (R), and two around the south culvert, one in
the northwest corner and the other in the southeast corner (C); as illustrated in Figure 3.
The soil sampling adhered to procedures in ASTM D1586 and the visual-manual
identification of the soil type followed ASTM D2488. Results from the visual-manual
identification can be found in Table 1.

Figure 3. Borehole Locations of Soil Sampling

Table 1. Visual-Manual Identification of Samples
Borehole
P1
P2
R1
R2
C1
C2

Depth (ft)
2.0 - 2.5
2.5 - 3.0
2.5 - 3.0
2.0 - 2.5
3.5 - 4.0
4.0 - 4.5

Color
Red
Red
Reddish Brown
Reddish Brown
Pale Brown
Pale Blue
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Soil
Silty Clay
Silty Clay
Sandy Clay
Sandy Clay
Clay
Clay

A particle size analysis was performed as one approach to determining the site’s soil
classification. The distribution of grain sizes affects the engineering properties of soil.
Grain size analysis provides the grain size distribution needed to identify the soil type.
The tested samples were P1 at a depth of 2.5-3’, R1 at a depth of 2.5-3’, C1 at a depth of
4.5-5’, and C2 at a depth of 3.5-4’. The disturbed soil samples tested were allowed to dry
for 48 hours, until all moisture had evaporated. The samples were then put through a
No.200 sieve wash in accordance with ASTM C117. After drying the remaining sample,
a sieve analysis was performed using sieve numbers: 10, 40, 60, and 100. A cumulative
percent retained and cumulative percent passing was determined for each sample. Using
this data in accordance with ASTM D2487 each soil sample was identified.
Following the sieve analysis, the disturbed soil samples were tested to determine
Atterberg limits to identify the critical moisture content of a soil and determine soil type.
The Atterberg limits include liquid limit (LL), plastic limit (PL), and plasticity index (PI).
The PI is the result of subtracting the LL from the PL. Testing followed the procedures
detailed in ASTM D4318. The LL was determined using the Casagrande method, while
the PL was determined by rolling the samples into 1/8th inch threads. Atterberg limits are
a basic measure of the nature of a fine-grained soil and its reaction to certain amounts of
water. Water content influences the properties of fine-grained soils, and depending on the
amount of water, a soil can be found in four states: solid, semi-solid, plastic, and liquid.
Each state has unique properties that affect design. Once the LL and PI were calculated,
the soil type can be determined using the plasticity index chart found in ASTM D2487
(shown in Figure 5). The determination of the Atterberg limits verified the type of soil at
the various project locations.
In order to determine the maximum compressive strength of the soil an unconfined
compressive strength test (UC test) was conducted. This test was performed on the
undisturbed sample that was taken from the bottom of each borehole. Testing was done in
accordance with ASTM D2166. In this test method, a cylindrical soil specimen is loaded
axially until failure or the predetermined strain rate of 20 percent is reached. ASTM
D2166 instructs that an aspect ratio of 2 to 2.5 be used for each tested specimen. Of the
samples tested, only one of the specimens met this requirement. An inflated compressive
strength is the result of a specimen with an aspect ratio less than two. The sample that
met the standard will be used as the basis for foundation work surrounding the southern
bridge location.
Results
Sieve analysis results are presented on the logarithmic scale shown in Figure 4. The
results of all four tests were plotted on the same graph to show a comparison between the
samples. Each sample yielded greater than 50 percent pass the No. 200 sieve; indicating
the samples are fine-grained soils in accordance with the Unified Soil Classification
System.
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Figure 4. Grain Size Distribution Plots
Atterberg testing was used to determine the exact type of soil on the site. Results from the
Atterberg tests are summarized in Table 2. It can be concluded that the soil in the existing
parking lot is MH or silty loam, the area surrounding the existing roadway is ML or silty
clay, and the soil surrounding the south bridge is CL inorganic clay of medium plasticity.
These results are consistent with the Natural Resources Conservation Service (NRCS)
soil map of the area.

Figure 5. Plasticity Index Chart
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Table 2. Results of Atterberg Tests
Sample Liquid Limit
R1:2.5-3
44
C2:3.5-4
45
C1:4.5-5
70
P1:2.5-3
65

Plastic Limit
33
22
32
38

Plasticity Index Type of Soil
11
ML
23
CL
38
CH
27
MH

Data from the UC test was used to determine the unconfined compressive strength of
each specimen. The compressive strength was used to determine bearing capacity using
Terzaghi’s continuous footing equation. The results of the test are summarized in Table 3
and an example result from one of the samples is shown in Figure 6.
Table 3. Results of Unconfined Compressive Strength Test
Sample
P1:4-4.5
C1:2.5-3
C1:4.5-5
C2:4-4.5

Unit Weight
(lb/ft3)
102.03
116.05
124.11
109.29

UC Compressive
Strength (lb/in2)
8.49
13.50
14.08
8.895

Aspect Ratio
(height/diameter)
1.55
1.78
2.05
1.74

Bearing Capacity
(lb/ft2)
432.3
502.7
536.6
462.5

Figure 6. Unconfined Compressive Strength Test Result
The results from the UC test yielded inadequate results. This is likely due to the
disfigured undisturbed samples obtained from the site. The specimens tested contained
numerous deformations that included voids and cracks. Also, due to the crumbly nature
of the soil, the ends were not perfectly perpendicular with the longitudinal axis of the
specimens. Therefore using the USGS soil data of the area, the soil analysis results, and
the International Building Code (IBC) 2015 it will be assumed the soil has an allowable
bearing capacity of 1500 lb/ft2.
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Environmental Analysis
In addition to the geotechnical site investigation, water quality investigation of the
current retention pond is necessary for the engineering infrastructure improvement needs
for the site (shown in Figure 4). In order for the natural swimming pool to be deemed safe
for human recreational use, certain water quality standards must be met. The Rules of the
Tennessee Department of Environment and Conservation (TDEC) Chapter 0400-40-03:
General Water Quality Criteria for Recreation provide guidelines for acceptable water
quality. The water quality parameters examined for recreational use include dissolved
oxygen; pH; solids, floating material and deposits; Total Suspended Solids (TSS),
turbidity or color; temperature; coliform; taste or odor; nutrients; and toxic substances.
Five water samples were taken from the retention pond and tested for dissolved oxygen,
level of acidity or basicity on a pH scale, TSS, turbidity, temperature, and coliform.
These tests were performed using the Standard Methods for the Examination of Water
and Wastewater. The results of the tests are compared against the guidelines provided by
The Rules of the Tennessee Department of Environment and Conservation Chapter 040040-03: General Water Quality Criteria for Recreation to determine the current water
quality of the retention pond water (shown in Figure 7).

Figure 7. Existing Retention Pond, Denso Eco Park
Samples Collected
Water samples from the existing retention pond were collected in order to perform the
necessary laboratory tests. The samples were taken from five locations shown on Figure 8
in red dots along the edge of the pond. The samples were collected in sterilized plastic
containers, as specified in the Standard Methods for the Examination of Water and
Wastewater. The containers were placed in the water with minimal disturbance to obtain
the samples.
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Figure 8. Water Sample Collection Locations
Testing and Results
All laboratory and on-site testing procedures followed the Standard Methods for the
Examination of Water and Wastewater. TDEC outlines guidelines for water quality
concerning recreational use in terms of quantifiable or observational criteria. The results
of the on-site and laboratory tests are compared to these guidelines for the assessment of
current water quality conditions.
Dissolved oxygen (D.O.) and temperature were tested on site using the YSI Field Oxygen
Meter. The probe was inserted approximately six inches below the surface at several
locations across the pond to collect readings for a well-represented average. The on-site
testing yielded an average dissolved oxygen value of 10.2 mg/L and average temperature
of 13.3°C. Both meet TDEC criteria, which specify the dissolved oxygen must be at least
5.0 mg/L to prevent unpleasant odors and the temperature must be less than 30.5°C.
The laboratory tests yielded values for TSS, turbidity, pH, and coliform. The TDEC
recreational use criteria explicitly state the numerical requirements for pH and coliform,
but present observational standards for TSS, turbidity, and solids. A calibrated, laboratory
pH probe was used to determine the pH level of the water samples. The average pH level
of 5 samples taken from the retention pond was determined to be 7.97, which is within
the acceptable range of 6.0 to 9.0. Of the samples tested for coliform and E. coli using the
Colilert testing kit which uses yellow and UV illumination cells as counts, no individual
sample exceeded TDEC maximum of 126 colony forming units per 100 mL for the
concentration of the E. coli group (coliform/E. coli test shown in Figure 9). For the TSS
experiment, a specific volume of sample is poured through a filter using a Millipore
filtration apparatus. The filter with the sample is then dried in an oven at 103°C for one
hour. The average TSS of five samples taken from the retention pond was determined to
be 28 mg/L. For the turbidity experiment, the water samples were poured into a glass vile
and placed into a turbidimeter. The average turbidity of five samples taken from the
retention pond was determined to be 10.02 Nephelometric Turbidity Units (NTU). The
values for TSS and turbidity are considered acceptable according to TDEC standards.
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(a)

(b)

Figure 9. Colilert coliform/E. coli bacteria test tray: (a) yellow cells, total coliform; (b)
yellow/fluorescent, E. coli.
Table 4. Water Quality Experiment Results
Sample

pH

1
2
3
4
5
Avg.

8.00
7.84
7.89
8.14
7.99
7.97

TSS Turbidity
(mg/L)
(NTU)
32
40
16
12
40
28

Temp.
(°C)

11.20
13.30
10.60
7.69
7.32
10.02

14.4
13.4
12.9
12.4
13.3
13.3

Coliform
(colony
per
100mL)
134
134
195
--154

E. coli
(colony
per
100mL)
77
38
56
--57

D.O.
(mg/L)
9.8
10.3
10.3
10.0
10.4
10.2

The remaining guideline by TDEC is the requirement that no oily slick should be present
on the surface of the retention pond. Because the pond is within close proximity to a
nearby parking lot and the Denso Industrial Park, oil runoff was a concern. By visual
observation, oily slick is present on the surface of the pond as a result of runoff and is not
acceptable by TDEC standards. The oil was observed along the edge of the pond during
the water sample collection and is shown in Figure 10.

Figure 10. Oily slick present by visual observation at the Eco Park (2/12/2016)
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Environmental Plan
In order for the natural swimming pool to be deemed safe for recreational use, all water
quality standards must be met according to TDEC. According to the experimental and
observational results discussed within this report, certain water quality criteria of the
retention pond were deemed unacceptable for recreational use. Through observation, oil
sheen could be seen on the surface of the retention pond. TSS and turbidity met TDEC
requirements; however, improvements can still be made to ensure clear water for
aesthetic and recreational purposes. To address the needs of the natural pool a constructed
wetland is to be located at two upstream sides of the pool in order to filter suspended
solids (see Figure 11) and improve water quality of the pool. To ensure that the natural
swimming pool and constructed wetland maintain an acceptable water quality, an
environmental plan must be drafted. A preliminary environmental plan is discussed
herein and consists of an overview of the proposed constructed wetlands system and
specific criteria for the natural pool, wetlands, and educational signage.

Future Pavilion

Natural Pool

Constructed Wetlands

Eco Park Trail

Figure 11. Proposed Locations of Constructed Wetlands and Natural Swimming Pool
The purpose of the constructed wetland is to improve the current water quality of the
retention pond and maintain acceptable water quality criteria after plants, aquatic life, and
humans are introduced. Figure 12 shows the filtration process that is recommended for
the system on the Denso site. Water will constantly flow through the wetlands for
filtration using pumps. For this project, solar and wind power may be used to power the
pump system according to the Wetlands Program Development Grant: Farm Ponds to
Wetlands. Layers of gravel and sand will be used to filter out larger particles from the
pool water inflow. Wetland plants will be used for adsorption and should be selected
based the ability to filter out the specific impurities in the retention pond. Wetland plants
that have the capability to filter out oil, such as smooth cordgrass, are needed as oily slick
was found on the surface of the pond. The water can be filtered using the wetland to
reduce turbidity to an optimum level. It is also important to choose plants that are native
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to the area and aesthetically pleasing. Because a variety of plant life and aquatic life will
be introduced through the wetland, the swimming pool will require aerators to maintain
an acceptable dissolved oxygen level.

Figure 12. Using Constructed Wetlands to Create Natural Swimming Pool (Lightwave)
The Environmental Protection Agency (EPA) provides the Guiding Principles for
Constructed Treatment Wetlands which is a necessary reference manual in the final
design of the proposed constructed wetlands for the Denso Eco Park. This document is
designed to provide guidance on construction of a functional wetland and provides
considerations for use during the design process, along with best management process for
maintenance throughout the lifespan of the wetland. According to this guidance
document, the desired wetland should have minimal impact on the existing site and
should conform to the natural structure of the existing pond. For this project, the wetlands
will be located on either side of the pool and are designed for minimal impact. An ideal
wetland includes a diverse set of native plant life and aquatic life, and invasive species
should be avoided, as they will likely overpopulate the wetland. In the East Tennessee
region, native species such as American Lotus, Elder Berry, and Sweet Schrub are ideal
for wetland plant life and would be acceptable for this project. Water level and
temperature must be checked after extreme weather changes to ensure that plant life and
aquatic life are not affected. The wetland should be monitored throughout its entire
lifespan and have regular inspections. Inspections should include monitoring water
temperature, D.O. level, visual appearance (i.e. color, oil sheen observation), pH level,
and coliform. A dedicated member of the community, volunteer or paid, would be
required to perform regular inspections of the wetland and provide consistent upkeep to
ensure the long-term success of the proposed wetlands.
In addition to recreational use, it is desired that the natural swimming pool support
aquatic life that will reside in the wetlands to provide a nature-friendly, educational
experience. TDEC provides guidelines on the water quality standards for aquatic life that
are more extensive than the criteria for recreation. The TDEC water quality criteria for
fish and aquatic life can be found in Tennessee Department of Environment and
Conservation (TDEC) Chapter 0400-40-03: General Water Quality Criteria. Sufficient
dissolved oxygen levels are essential for the survival of both aquatic and plant life and,
therefore, should be regularly monitored ensuring levels do not fall below 5 mg/L. As
mentioned in the lab results, the D.O. in the retention pond currently meets this standard
and it is expected that the system will retain this level naturally.
11

Educational materials and signs are recommended for placement around the wetlands to
educate park visitors of the components of the system, purpose for the wetland, and
insight into maintaining cleanliness in our environment. Posted signs should clarify the
wetland filtration process and also include information about use of the swimming pool.
This will be a key feature to provide educational value to the site while also listing
pertinent information such as maintenance contact information in the event of an
emergency or concerns about water quality.
As described herein, this brief environmental plan outlines criteria for the natural pool,
wetlands, and the educational signage required to successfully manage the eco-system
developed through the constructed and natural water elements on site. The information
given indicates important design factors to consider for design of the constructed wetland
and natural swimming pool. The wetland and pool must meet the TDEC water quality
criteria for both recreation and aquatic life. Because no natural swimming pools exist in
the East Tennessee region, educational signage is essential for recreational use. The
constructed wetland and swimming pool can be successfully built using the TDEC
requirements and EPA wetland guidelines.

CHANNEL DESIGN
The south culvert is to be replaced with a newly designed trapezoidal channel, a common
channel shape found in natural and constructed channels. The new channel will feature a
main channel with floodplain regions on both sides of the channel. The main channel has
a smaller trapezoid cross-sectional area that is 0.8 feet high with a bottom width of 1.5
feet and 1:1 side slopes. The purpose of the main channel is to manage the base flow and
small storm events. At the top of the main channel, the cross-section expands 2.5 feet
horizontally on both sides before sloping upward at a 1:1 slope toward the existing path’s
elevation; this area makes up the floodplain region and provides energy dispersion during
large storm events.
The channel was designed to transport water from the retention pond to the downstream
smaller ponds at roughly the same base flow as the existing culvert to maintain the
aesthetics of small pool at the southern side of the south culvert. To ensure this design
aspect was met, base flow in the culvert was measured for use in the design process.
The high flow capacity of the culvert was compared to those of the proposed channel
design. Using Manning’s equation, the flow rate of culvert at full flow was calculated to
be 63.2 cubic feet per second (cfs), while the flow rate of the channel at full flow is
almost 3 times greater at 179.4 cfs. The channel’s larger cross-sectional area and
Manning’s roughness coefficient result in the capability to manage greater flows from
larger storms. The larger cross-sectional area, and especially the addition of the
floodplain, also aids in reducing the velocity of flows. The floodplain is visible in Figure
13 and illustrated as the jump shown at a depth of flow of 0.8 feet. The maximum
velocity of the new channel design is 7.0 ft/s and is an important factor for erosion
control and bank stability, particularly in large storm events.
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Figure 13. Comparison of the velocities of the two systems
The impact of high flows was also measured by comparing the models of the existing
culvert and the proposed channel, where the Hydrologic Engineering Center’s Hydraulic
Modeling System (HEC-HMS) was the selected modeling program for the flow analysis
between the two scenarios. Information was collected and calculated to obtain the
required parameter inputs for HEC-HMS. Google Earth was used with previously
acquired Geographic Information System (GIS) data to determine the watershed of the
Eco Park and develop curve numbers, time of concentration, and lag time. Surface areas
and elevations required for the storage input in HEC-HMS were calculated from
measured cross-sections of the pond. These site-specific parameters makeup the
requirements needed to create the model in HEC-HMS, but additional information is
needed to complete the analysis. Rainfall data was obtained from the National Oceanic
and Atmospheric Administration (NOAA) to create storm events. These storm events
were assessed on both the existing culvert model and the newly designed channel model
to compare the two systems and ensure the new design would manage the design storm
event.
The chosen recurrence interval for the design storm for the channel was a 2-year, 24 hour
storm. The culvert model was simulated using the design storm, and the results yielded
errors that indicated the system was unable to handle the storm and flooding conditions
were predicted through the simulation. Analyzing a smaller storm event of 0.5 inches of
rainfall over 24 hours, the culvert model yielded a larger peak discharge compared to the
channel model. The results of the simulation of the design storm for the channel system
are shown in Figure 14, where the peak discharge is 34 cfs.
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Figure 14: HEC-HMS results for the channel model with a 2-year, 24 hour storm event
These results are products of factors such as channel dimensions, slope of the reach, and
assumed Manning’s roughness coefficients. The assumed roughness coefficients were
chosen based on the recommended lining designed for the reach and the flow pattern
(meander wavelength and gradient). The designed reach is straight, with no riffles or
pools, and has stone and grass for the base of the channel; tall, native grasses are
recommended for the floodplain area. The roughness coefficients were chosen to be
0.035 for the both the main channel and the floodplain areas; where the two areas were
defined as “clean, straight, full stage, no rifts or deep pools, more stones and weeds” and
“pasture, no brush, high grass” (Chow, 1959).
Channel lining recommendations are provided based upon the description for the
assumed roughness coefficients, the channel geometry, and discharge calculation results.
The main channel should consist of grass mats lined with river rock (as shown in Figure
15), while the floodplain boundary should consist of plentiful tall, native grasses. The
channel lining is very important for minimizing erosion and ensuring bank stability.
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Figure 15. Grass Mats Lined with River Rock
SOUTH BRIDGE – SUPERSTRUCTURE
In order to remove the south culvert and install the newly designed channel, a new 20foot span pedestrian bridge is required to allow for safe passage of pedestrians through
the park’s trails. Considering the multiple phases of construction to occur through the
development of the Eco Park, the bridge has also been designed to accommodate heavy
truck traffic that may be necessary as the bridge provides a natural access way for vehicle
traffic. The designed deck width will be 12 feet with a clear distance between railings of
at least 11 feet to accommodate both common foot traffic and an occasional maintenance
vehicle.
Three bridge alternatives, timber, concrete, and steel, were evaluated with respect to
material type, in order to evaluate an array of aesthetic and cost options. The visual
appearance of the bridge is important because the bridge is located in the middle of the
park and acts as a centerpiece. Aesthetic additions were explored for the steel and
concrete bridges to match the desired natural look achieved naturally by the timber
bridge. Cost variation amongst the alternatives is an important component of the financial
evaluation of the project, as the original budget for the Eco Park development does not
include construction of any bridge; therefore, any bridge will require funds above the
base budget previously anticipated. Structural integrity must first be established before
the other factors can be examined, so each bridge was designed in accordance with the
appropriate specifications and codes. The following discusses the structural analysis of
the three bridge options and concludes with a recommendation for the site.
Structural Analysis
The objective of the structural analysis of the bridges was to ensure that they are able to
safely serve two purposes: a trail for pedestrians and a path for large vehicles to access
the rear of the park. The bridges were designed to support these two load scenarios in
accordance with the American Association of State and Highway Transportation Officials
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(AASHTO) LRFD Guide Specifications for the Design of Pedestrian Bridges. Due to
safety concerns and following AASHTO’s specifications for pedestrian bridges with a
deck greater than 10 feet, the bridge was designed with an H-10 truck loading scenario to
account for the use of vehicular travel. A separate loading scenario, a pedestrian load of
90 psf, was utilized to account for the main use of the bridge. In order to meet the
requirements for strength and serviceability, American Concrete Institute (ACI) 318-14
was used for the concrete bridge, the American Institute of Steel Construction (AISC)
Steel Manual for the steel bridge, and the National Design Specification for Wood
Construction (NDS) for the timber bridge. Three-dimensional models were created using
RISA-3D modeling software, and the results were verified with hand calculations
performed on each bridge utilizing their respective manuals.
Timber
A RISA model was developed to include 2 x 6 transverse decking and longitudinal
girders connected via rigid links. This created a realistic model where the centroid of the
girder and decking are correctly illustrated. This model was used to determine maximum
shear and moment values for the members in the bridge. These values for shear and
moments were compared to the calculated capacities for the members. The most critical
members were determined through RISA and checked with hand calculations.
Hand calculations were completed using NDS 2005. Nominal capacities and appropriate
modification factors were determined via tables in the NDS 2005 specifications and
accompanying supplementary specifications. The design material was assumed to be
number one grade, which is a higher quality wood grade and only contains a few visible
defects in the grain but does not quite match the highest quality, "structural select."
Number one grade lumber is readily available, a common grade for wood construction,
and typically southern pine. Moment and shear controlled strength calculations in the
girders due to the downward force associated with the structure along the girders'
longitudinal axes. However, the decking was checked for bearing failure since the loads
were applied perpendicular to the grain which is a direction that is weak in bearing. Shear
strength is not tabulated for decking members since their shear strength is greater than the
bearing strength perpendicular to the grain. Bending was assumed to take place parallel to
the grain.
Concrete
RISA 3D was used to develop a model of the concrete bridge beams. Two beams
spanning 20 feet were designed, and the maximum shear and moment for all of the
loading cases were determined. The unfactored loads were used to determine that the
deflection met specifications, according to AASHTO LRFD Guide Specifications for the
Design of Pedestrian Bridges. The slab was designed by hand using ACI 318-14.
Hand calculations were performed on one of the two beams to verify the accuracy of the
RISA model. The moment capacity and shear capacity were checked using ACI 318-14
to determine the ideal dimensions of the beams and the required steel reinforcement. The
hand calculations verified that the 10 inch wide by 20 inch deep beam recommended by
RISA met the required specifications for the loading scenarios.
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Steel
A K-Truss steel bridge model was developed using RISA 3D. The steel bridge has a span
of 20 feet and has a K-Truss that reaches a height of 4 feet. The truss consists of HSS
4x4x1/4 steel members and W12x26 transverse members to support the concrete slab.
RISA 3D was used to develop the maximum shears, moments, and deflections for each
member; in which pinned connections was selected.
In order to verify RISA 3D, hand calculations were performed for each type of member:
chord, web, and beam. Using the method of joints, the axial loads supported by both a
chord and web member were checked. The AISC Steel Manual 14th Edition was utilized
to check the maximum shears and moments of W12x26 member computed in RISA 3D.
The slab was designed by hand using ACI 318-14, as were the shear studs adhering to the
detailing requirements in the AISC Steel Manual 14th Edition.
Railings
The railings for the bridges were designed in accordance with AASHTO LRFD Bridge
Design Specifications to ensure the safety of both pedestrians and vehicles. The loading
of the railing can be seen in AASHTO LRFD Bridge Design Specifications, Seventh
Edition Section 13. A RISA model was created to simulate this loading and members
were sized accordingly.
Results and Discussion
Each bridge material ranks differently among the two driving factors: aesthetics and cost.
Cost variation is an important component of the evaluation bridge alternatives, as the
original budget does not include construction of any bridge. The total costs are presented
in Table 5, for which the material alone for the steel bridge yielded the most expensive
design option. The cost estimate for the timber and concrete bridges presented herein
includes material, labor, and equipment. The concrete bridge was the least costly option,
which was an expected outcome.
Table 5. Total Costs of Bridge Alternatives
Bridge Material

Total Cost

Timber
Steel
Concrete

$16,100
$18,700
$10,000

Total Cost Includes (Y/--)
Material Labor Equipment
Y
Y
Y
Y
Y
Y
Y

In addition to evaluating cost, the aesthetic design of the bridge to be installed is an
important aspect of the project. Of the moderately priced options, the timber and concrete
designs have competing aesthetic qualities. While the timber has a natural tone to
resonate with the environmentally considerate surroundings, the design will require some
distracting traits. In order to accommodate heavy truck traffic, the design requires visual
markings on the deck and signage to guide trucks to the correct wheel path to safely cross
the bridge. These visuals could dampen the strong aesthetic appeal of the timber bridge.
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The natural, rustic look of the timber bridge is noteworthy, but the steel and concrete
bridges are capable of cost inducing aesthetic additions such as concrete color additives
and timber decking and rails for the steel bridge. There are various techniques available
to enhance the aesthetics of concrete. Such methods include concrete staining, stamping,
and scoring; applications of these are shown in Figure 16. It is recommended that
decorative concrete decks are sealed on a yearly basis to help control damage from salt
and corrosion and that an anti-slip sealer is utilized to greatly reduce the slipperiness
when the concrete is wet; however, even with this maintenance, the durability and
functionality of a concrete bridge becomes a viable option for the site.

(a)

(b)

(c)

(d)

Figure 16. Demonstration of colored concrete methods and designs: (a) Concrete Colored
Patio; (b) Stamped Concrete Driveway; (c) Scored and Stained Concrete Wood Texture
Flooring; and (d) Scored and Stained Concrete Wood Texture Patio.
Along with design additions for the concrete bridge, the steel bridge can also be enhanced
to yield the desired natural, rustic look. The most common practice implemented to
achieve an organic structure is to combine the steel frame of the bridge with timber
decking. The practice is especially popular with prefabricated steel bridges (as shown in
Figure 17b and 17c). Figure 17a illustrates the use of engineered deck framing to support
the appropriate loads while allowing the implementation of timber deck surface layer.
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(a)

(b)

(c)

(d)

Figure 17. Demonstration of timber additions to steel bridge frames: (a) Steel Bridge
Decking Frame with Timber Decking; (b) Warren Truss Steel Bridge with Timber
Decking; (c) Prefabricated Steel Bridge with Longitudinal Timber Deck; and (d) Steel
Bridge Frame with Glulam Decking.
Based on the aesthetics and total costs of the three bridge alternatives, the final
recommendation is to proceed with the timber bridge design option. This bridge will
require that heavy vehicles cross the bridge with caution, appropriate to the structure’s
design which requires the wheels of the vehicle follow a deliberate path. In order to
address the needs, the timber bridge will likely need special load rating signage and deck
markings that clarify a travel path for a vehicle; this may detract from the aesthetic appeal
to pedestrian users of the bridge. Considering this specialty work, a stained concrete
bridge might be considered the second-most viable option, as the structure will provide
durability that can more easily accommodate such traffic without the need for load
markings. Overall, each bridge alternative has the potential to be specialized to achieve
the desired aesthetics with the appropriate expense investment.
SOUTH BRIDGE – SUBSTRUCTURE
A single abutment was designed to accommodate the conditions of any of the proposed
bridge superstructure options. While the loads are relatively comparable, a single
abutment design was developed considerate of the concrete bridge superstructure which
produced the greatest loading condition. The design of the abutment consisted of two
main components: evaluation of the wall “stem” (see Figure 18) and of the continuous
footing. These components were designed according to their respective criteria through
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ACI 318-14. Additionally, settlement calculations were performed to ensure the
abutments for each bridge would not experience excessive displacements. The
engineering calculations to support the final design can be found in the project appendix
while only a brief overview of the design process is included within the body of this
report.

Figure 18. Example Abutment Diagram
The design of the abutment requires consideration of both geotechnical as well as
structural criteria; however, the geometric needs for the abutment were identified prior to
evaluation of these considerations. A wall width of 18 inches was chosen to allow for a 6inch backwall and a 12-inch beam seat which provides sufficient bearing area for the
girders. The base of the footing must be constructed at 24 inches below grade to ensure
the footing avoids freeze and thaw effects due to frost conditions. In addition to the
geometric needs, the concrete material properties were identified prior to structural
design calculations. In order to provide suitable weight to resist overturning and to
provide durability, normal weight concrete with a density of 150 pcf is recommended and
utilized in the design calculations.
The stem wall of the abutment must provide overall stability to adequately support the
superstructure of the bridge. Overturning and sliding were the two geotechnical failure
modes analyzed for the evaluation of the abutment, requiring evaluation of the stability of
the abutment with respect to lateral earth pressures. The self-weight of the retaining wall,
considerate of all the geometric requirements for the design, proved sufficient to resist
both of these failure modes. Additionally, the structural design of the stem wall was
required for the engineering analysis. ACI 318-10 criteria was used to evaluate the wall
and design was performed in accordance with Chapters 11 and 10. An interaction
diagram for a representative “column” segment of the wall was created and plotted, and
then compared to the actual loading the wall was experiencing from both the
superimposed superstructure load and the weight of the soil behind the wall. Wall
reinforcement was designed to ensure the load conditions fall within the acceptable limits
of the interaction diagram generated; complete engineering calculations that demonstrate
this work can be found in the project appendix.
Additionally, the abutment design required the evaluation of the reinforced concrete
footing for shear and moment limit states. A footing with a depth of 12 inches was
chosen as a minimum footing depth that is easily constructible. The flexural and shear
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capacities of the footing and the minimum flexural steel were determined according to
ACI 318-14. With minimum flexural steel, the footing was determined to be sufficient in
resisting bending. The factored shear capacity of the concrete alone exceeded the applied
shear; therefore, reinforcing steel for shear was not required as is preferable in structural
footings.
The existing soil conditions also play a factor in the abutment design of the bridge. The
soil consolidation must be assessed to determine any adverse effects on the supported
structures. Taking the information gathered from the geotechnical report and using the
concept of one-dimensional consolidation settlement of fine-grained soils, a primary
consolidation settlement estimate was calculated for each bridge type. It was assumed the
soil beneath the bridge foundation was normally consolidated and settlement was
calculated according to the following equation:
δc = r[∑((Cc + Ho)/(1 + eo))log(σzf/σz0)]
where r is the rigidity factor, taken as 0.85 for spread footings, Cc is the compression
index, Ho is the height of the layer, eo is the void ratio, σzf is the final vertical stress, and
σz0 is the initial vertical stress. The estimated settlement for the timber, steel, and
concrete bridges are 0.52, 0.68, and 0.71 inches, respectively. As expected, the lighter
timber structure is expected to experience the least displacement; however, all the bridge
options meet the standard of less than 1 inch of settlement and are deemed acceptable.
PARKING LOT
The final component of this diverse project requires evaluation of the existing gravel
parking lot. Because of the topography, runoff from the current gravel parking lot on the
site is both entering the retention pond and flowing down a hillside into a stream (Figure
19a). The runoff flowing into the stream is causing major erosion to the landscape as seen
in Figure 19b. To help minimize stormwater runoff from further eroding the hillside and
to help effectively trap suspended solids and filter pollutants from the water, permeable
pavers have been identified as a preferable paving surface for the parking lot. To mitigate
a portion of the runoff from the parking lot while also accommodating the traffic
demands of the parking area, two types of pavers are recommended: one type for the
parking stalls and one type for the driving lanes.
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(a)

(b)

Figure 19. Parking lot: (a) existing gravel cover; (b) erosion from runoff
Permeable Pavers
The proposed parking lot will consist of two different types of pavers: interlocking and
gridded as seen in Figure 20. Interlocking pavers, filled with a fine-grained stone, allow
water to infiltrate into the joints between the pavers, while gridded pavers have a grid
design that allow runoff to infiltrate into the ground through large void areas. Both
permeable paver types rely on an open-graded crushed stone base for water storage,
infiltration, and vehicular support, the depth and type of stone of which are specific to
each paver company.

(a)

(b)

Figure 20. Example paver pattern for the parking lot: (a) gridded and (b) interlocking.
Two companies that provide both of the desired paver types were selected for a basic
analytical comparison in order to provide a recommendation for the Denso Eco Park. The
analysis began with the selection of comparable paver blocks and includes evaluation of
various performance criteria. Paver options selected for this analysis include: Belgard
Aqua-bric, Belgard Turfstone, Hanover EcoGrid, and Hanover Aqua-loc. The Aqua-loc
and Aqua-bric are interlocking pavers, while the Ecogrid and Turfstone are gridded
pavers. The Ecogrid and Turfstone allow for grass to be planted in the openings and are
ideal for parking spaces because this area has less vehicular traffic and turning activity
compared to driving lanes. This reduces the damage on the growth of grass between the
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gridded pavers. The Aqua-loc or the Aqua-bric is recommended to be used in the driving
lanes. Both Belgard and Hanover pavers have 50-year design lives. Belgard has shown
this through field testing and infiltration performance, while Hanover has shown this
through field testing and compressive strength testing. The following discussion
highlights the performance criteria reported by these two companies and is supplemented
by independent testing performed for the purpose of this specific project.
In order to evaluate the selected pavers, a literature search was completed to identify the
performance criteria reported for the various paver systems. Belgard performed
infiltration testing on the Turfstone and Aqua-loc pavers, which have surface drainage
areas, or void spaces, of 40% and 6.9%, respectively. Belgard testing was done using a
modified ASTM C1781. Instead of testing paver systems in-situ, Belgard performed
“controlled” experiments through construction of lumber test boxes (Figure 21) around
the pavers intended to control the direction of flow through the pavers and rather than
along the surface. The infiltration rates Belgard reports are summarized in Table 6.

Figure 21. Belgard Lumber Test Boxes
Table 6. Belgard Reported Infiltration Rate Results
Turfstone

time (s)

Test 1
Test 2
Test 3
Test 4

23
22
19
21

Aqua-bric

time (s)

Test 1
Test 2

40
35

Location 1
mass
Infiltration
(lbs)
Rate (in./hr)
40
1558
40
1629
40
1886
40
1706
Average
1695
mass
Infiltration
(lbs)
Rate (in./hr)
40
896
40
1024
Average
960
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time (s)
26
25
22
24
time (s)
56
54

Location 2
mass
Infiltration
(lbs)
Rate (in./hr)
40
1378
40
1433
40
1629
40
1493
Average
1483
mass
Infiltration
(lbs)
Rate (in./hr)
40
640
40
664
Average
652

Belgard also reports results for experimental work performed according to Belgard’s
modified version of ASTM C1781, used to determine the effect of varying subbases on
infiltration rates. Turfstone, with a subbase that consisted of four inches of bedding stone,
is reported by Belgard and summarized in Table 7; the bedding test material inclusive of
different stone sizes, specifically: #8, #9, and #10 stone. It was determined by Belgard
that the diameter of the subbase stone size is highly influential in the paver infiltration
rates as water can infiltrate easier through the increased void areas seen in larger stones
which result in greater infiltration rates. Belgard determined that No. 8 Stone is the ideal
bedding stone size to allow for the greatest infiltration rates.
Table 7. Belgard Subbase Infiltration Rate Test Results
Infiltration Rate (in./hr)
No. 8
No. 9
No.10
Stone
Stone
Stone
1560
233
51
1129
166
46
1345
200
49

Stone
Size
Test 1
Test 2
Average

Hanover has not reported extensive infiltration testing on their products, but some
literature does support the infiltration rates of certain Hanover products. Test results for
Hanover EcoGrid and Aqua-loc products performed in accordance with ASTM C1781
are available and summarized in Table 8. With surface drainage areas for the EcoGrid of
39% and Aqua-loc’s 10.6%, the results are comparable to the similar Belgard products.
Table 8. Hanover Infiltration Rate Test Results
time (s)

mass (lbs)

Infiltration Rate (in./hr)

EcoGrid

24

40

1500

Aqua-loc

40

40

900

While the infiltration rate performances are comparable between the paver
manufacturers, the use of the modified ASTM experiment may contribute to biases in
reported results. In order to complete the analysis of the proposed paver options, a single
in-situ test was completed by the design team to confirm comparable performance
metrics. Testing was performed in accordance with the non-modified ASTM C1781
standard on the Belgard Aqua-Bric to provide a comparison between the differing test
approaches. In accordance with the standard C1781 approach, a 12-inch diameter
cylindrical ring was sealed to the surface of the permeable paver system under
investigation, as shown in Figure 22. A pre-determined mass of water was poured into the
ring and infiltration rates were recorded according to the following equation:
I = KM/(D2*t)
where I (inches per hour) is the infiltration rate, K is a constant equal to 126,780, M (lbs.)
is the pre-determined mass of the infiltrated water, D (in.) is the inside diameter of the
infiltration ring, and t (s) is the time recorded for the measured amount of water to
infiltrate the surface. The results from the field test can be found in Table 9. As
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performed, the modified ASTM testing approach produced significantly different
infiltration rates than that observed in the field; however, these results are a culmination
of many testing differences. As visible in comparison of Figures 21 and 22, paver
placement is critical to permeability performance. Installation of the paver system should
be performed according to the criteria specified by the product manufacturer to ensure
performance matches expected outcomes. Further, as expressed in the Belgard literature,
subbase and subgrade preparation also significantly impacts water storage and infiltration
capacity. Unfortunately, subbase information was unavailable for the in-situ system and
cannot be reported at this time. The extremely low infiltration rate observed through this
experimental work highlights the importance of careful consideration not only in the
design phase, but also the construction efforts for the Denso Eco Park parking area.
While both paver systems reviewed within this report are suitable for this project, the
team recommends Belgard because of their more extensive experimental testing and
more thorough instruction for overall system construction, attempting to ensure better
overall performance.

Figure 22. Aqua-Bric Paver Test Location
Table 9. Paver Testing Results
Paver Type

Mass of Water (lbs)

Aqua-Bric

40.05

Time to Infiltrate
(sec)
1,880

Infiltration Rate
(in/hr)
18.76*

* = test condition where the site region received ≥0.25 inches of rainfall 24 hours prior to testing
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CONCLUSION
The Denso Eco Park is an extremely powerful community enhancement project capable
of significantly improving the Athens community. The design team recommends a series
of infrastructure modifications through the development of the Eco Park to ensure the
project’s success and longevity. The removal of the existing “southern” culvert and
redevelopment of the natural channel waterway will improve the drainage of the site and
restore the site to nearly undeveloped conditions. A small footbridge is recommended to
span across this opened channel to continue to allow pedestrians to traverse the site as the
previous culvert originally served this purpose. A timber bridge is ideal for the site, but
consideration for heavy vehicle traffic through the development phases of the project
might call for a more durable concrete option. Ultimately, this decision relies on owner
preference and vision for the entirety of the project. Development of the natural
swimming pool cleansed through constructed wetlands is proposed for the site to ensure
the site retains water quality standards for the diverse uses of the natural pond. The
preliminary environmental plan outlined within this report identifies the local and
national standards required for the park and should serve as a basis for final engineering
services required for this project. Lastly, the design team recommends resurfacing of the
existing parking area with a permeable paver system to provide a suitable area for guests
to park while also serving the environmental needs for the site. The design team has
presented herein a complete summary of the design efforts considered for the further
development of the Eco Park and appreciates the opportunity to contribute to the
realization of such an impactful project. This diverse project will greatly enhance the
community’s awareness of environmental actions that can take place at any scale and will
certainly provide an invaluable site demonstrating successful corporate-community
partnerships.
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